Quality problem or issue: Jacaranda Health (JH) is a Kenya-based organization that attempts to provide affordable, high-quality maternal and newborn healthcare through a chain of private health facilities in Nairobi. Initial assessment: JH needed to adopted quality improvement as an organization-wide strategy to optimize effectiveness and efficiency. Choice of solution: Value Stream Mapping, a Lean Management tool, was used to engage staff in prioritizing opportunities to improve clinical outcomes and patient-centered quality of care. Implementation: Implementation was accomplished through a five-step process: (i) leadership engagement and commitment; (ii) staff training; (iii) team formation; (iv) process walkthrough; and (v) construction and validation. Evaluation: The Value Stream Map allowed the organization to come together and develop an end-to-end view of the process of care at JH and to select improvement opportunities for the entire system. Lessons learned: The Value Stream Map is a simple visual tool that allows organizations to engage staff at all levels to gain commitment around quality improvement efforts.
Introduction
In the past decade, the global maternal and newborn health agenda has shifted from emphasizing access to care to increasingly recognizing the importance of quality of facility-based care. Women delivering in facilities in low-income countries experience two to three times higher mortality than expected for the assessed severity of complications [1] .
Jacaranda Health (JH) is a Kenya-based organization that aims to provide affordable, high-quality maternal and newborn healthcare through a chain of private, peri-urban health facilities in Kenya's capital, Nairobi. JH offers maternity care at <$100 per safe delivery. When this study was conducted, JH had one clinic and had~250 ANC visits, 30 deliveries and~200 well baby visits per month [2] . In 2015, 923 babies were born at JH with a 99.9% survival rate and had 18 860 outpatient visits in two clinics. Right from its inception in 2011, JH adopted quality improvement (QI) as an organization-wide strategy to cut costs and increase patient safety and satisfaction. In this article, we describe JH's experience implementing Value Stream Mapping (VSM) to engage staff in prioritizing opportunities to improve clinical outcomes and patient-centered quality of care. One of the most commonly used tools of Lean Management, the value stream map, is a graphical depiction of the operational workflow of a specific business unit or group of units, beginning at the first point of customer entry and ending with the final customer interaction with the organization. The objective is not to focus on the mechanics of drawing a value stream map, but rather to describe the process and how the results were used. Details of how to draw a value stream map and commonly used terminology and conventions can be found in [3] .
Overview of Lean Management
Lean Management or Lean Thinking is a methodology to improve the quality of manufacturing or service has its origins in industry, specifically with Toyota Motors in Japan. Its focus is on eliminating waste in the operational processes through which service is delivered to customers. Lean identifies seven areas of waste: over production (more output than needed), over processing (complex processes), transportation (inefficient flow), motion (too many activities), waiting, defects (resulting in rework) and inventory [4] . In order to eliminate these wastes, the Lean approach, which consists of a variety of tools, seeks to optimize the 'value stream', which are the processes by which service is delivered to the customer.
In recent years, Lean Management has become increasingly popular in the health sector, and studies have shown its benefits in improving care processes [5] . It must be clarified here that Lean does not focus on the quality patient provider interactions but on a patient's journey through the healthcare system [6] . Most of the successful applications of lean thinking have resulted in time savings, cost savings, increased patient and staff satisfaction, and reduction of errors and mistakes. Despite these successes, there is a recognition that the effectiveness of lean implementation depends on leadership commitment, staff engagement, the availability of resources and organizational commitment to change [6] . At JH, the value stream map was used as a way of engaging the organization in a common understanding of the process followed by a mother through her interaction with the clinic, and to energize the organization around improvement goals and targets. In lean terminology, these goals are called 'True North'. For example, True North metrics at Theda Care, the leading health system that has adopted Lean Management in the United States are preventable mortality from sepsis, patient harm events and 30-day readmission rates [7] .
Overview of VSM
A value stream map identifies all the tasks or processes necessary in producing specific outputs for a customer, describing as accurately as possible the 'current state' of operations. The VSM has three key features: first, similar to a process flow chart, it identifies each step of the process being mapped and the flow of the customer through the process; second, it provides information on supplies, equipment, and other resources required to deliver products or services for the customer; and third, it provides information on the performance of the system by depicting the key data elements obtained from customers and supplies and within the system itself [8, 9] .
The VSM approaches operations from the viewpoint of the customer's flow through the process of care [10, 11] . By providing a pictorial representation of the current state of operations, the VSM technique has been used to spur organizations to consciously think about what they do, how they do it, and the assessment of value that each individual step in the customer's journey provides [10, 11] . The VSM provides a starting point through which QI goals, culture, and guidelines and revisions to business processes and practices can be communicated internally and externally [10] [11] [12] . A few papers on the use of value stream maps to improve specific healthcare processes (e.g. emergency department flow) have been published [13, 14] , but none of these describe the process of developing a value stream map,
Methods
As part of JH's QI strategy, the VSM was used to introduce the organization to QI and to engage the staff in the identification and prioritization of improvement activities. JH's approach to VSM was to generate learning and insight rather than forcing strict adherence to documentation standards. As a result, while the final VSM product uses some standard terminology and symbols, it is not intended to be compliant to every standard requirement.
The specific steps which Jacaranda used to implement the VSM are as follows.
Step 1: Leadership engagement and communication
The Chief Executive Officer and the Director of Clinical Operations communicated the need for a QI strategy to the wider clinical and business operations staff.
Step 2: Staff training Basic QI training was provided for all facility-based staff, including non-clinical staff such as housekeepers and receptionists. This interactive half-day training program focused on: (i) QI principles; (ii) understanding and mapping processes; (iii) differentiating between value added and non-value added activities; (iv) identifying waste in a process; (v) use of data for improvement; and (vi) basic improvement techniques such as the Plan-Do-Study-Act (PDSA) cycle. The workshop also provided staff an opportunity to identify waste and potential improvement opportunities within their own work settings.
Step 3: VSM team formation
The VSM team was selected by JH leaders based on job function and on interest and enthusiasm displayed in the training session. It comprised ten frontline departmental representatives from all clinical and business functions involved in daily facility operations and patient care (Table 1) representing all possible patient touch points and two external facilitators from the University of North Carolina, Chapel Hill. Step 4: Process walkthrough (Gemba Walk) and observation
The VSM effort began with a process walkthrough by all members of the VSM team. This was a physical walk that the VSM team took through all steps of the process over 2 half days. The process was broadly defined to include every point of patient interaction. The first possible client touch point took place in the community when JH's community mobilizers contacted pregnant mothers and encouraged them to visit the clinic and proceeded through all inpatient, outpatient and patient support activities. The purpose of the walk was to familiarize the entire VSM team with all patient touch points, because many staff members did not have detailed knowledge of operations outside their immediate work area. Participants were asked to assume the role of a pregnant mother interested in delivering at Jacaranda and to explore all operational aspects of the health system that could contribute to her experience, from food to laundry and housekeeping to billing. Each member was provided with a structured observation template, presented in Table 2 . The walk culminated in a debrief session to share and consolidate observations.
Step 5: VSM construction and validation
The VSM was constructed collaboratively during a half-day session led by the two facilitators, starting with discussions of the overall structure and business interfaces of the clinic and clinic support functions, using information gathered during the walkthrough. Facilitators drafted a pictorial representation of the current system using colored markers and large poster paper. The symbols and format for the VSM were adapted to be most meaningful to the team and to other members of the organization. Once the VSM was constructed, it was distributed to other staff members and suggestions were incorporated. An example of the VSM is presented in Fig. 1 and is one of several revisions that took place during the development process. Although no patients participated in the mapping exercise, the team reviewed the completed map with a group of mothers who had recently delivered at the clinic and were attending a well baby session to verify that the flow represented in the poster that had been created accurately reflected their experience of their journey through the ANC and delivery processes. The process entailed the mothers as a group describing their recollection of the various steps of the process (e.g. coming to the clinic in a taxi, registering at the entrance, being examined in the examination room) and verifying that the steps were depicted in the poster. This exercise was not intended to assess the quality of the mother's experience, but only to confirm that the VSM was an accurate representation of the process of care.
Results
JH's VSM contains the three features described previously: processes and patient flows; supplies and resources; and data that work together to create the service experience for the mother and the baby. 
Processes and patient flows
In Fig. 1 , individual processes for inpatient and outpatient care and patient support are indicated using bold upper-case characters within non-filled rectangles (e.g. MOBILE FP or TRIAGE). The six linked rectangles in the upper row (beginning with MOBILE ANC) represent the outpatient care process streams. The five linked rectangles in the bottom row (beginning with TRIAGE) represent inpatient care process streams. Support processes are represented by rectangles scattered around the periphery of the map (e.g. KITCHEN and LAB). The solid arrows represent patient flows, annotated where necessary by patient type. For example, an expectant mother might go to a mobile ANC, and enter the inpatient process stream at triage in the Jacaranda clinic when she is in labor. She then goes through each step of inpatient labor and delivery, gets discharged and goes to the outpatient well baby clinic. Additional information is added to the patient flow arrows through the transport and hand-over icons below the inpatient process steps. The dashed arrows represent interactions between the support and the patient care processes. For example, the kitchen provides meals to mothers when they are in postnatal care.
Supplies and resources
Raw materials, suppliers, and auxiliary functions required to produce the final service to the customer are indicated by green rectangles at the periphery in the VSM.
Data
Types of data captures in the VSM are shown in Fig. 1 for illustrative purposes only. They include client volumes processed at each input and output point every month (indicated next to each patient flow arrow) and human resource assignments, such as staffing numbers by job function of each process step (indicated in each process step box).
Time data is another critical component of the VSM, with both value and non-value added times collected for each service line and appended to the bottom of each process step. The principal nonvalue added time in the JH system being wait time between process steps. Where wait time is greater than zero, a small triangle highlights potential bottlenecks in customer flow.
Discussion

Using the value stream map to identify improvement opportunities
Initial discussion among the staff during the VSM development workshop resulted in a preliminary identification of potential improvement opportunities, shown as starbursts in Fig. 1 and in Table 3 along with the process and the type of waste. In a subsequent meeting, the VSM team discussed the selection of some immediate areas for improvement. This was not done through a formal priority setting exercise; rather since the organization was new to QI, the emphasis was on selecting some simple projects that would allow the staff to try out what they had learned during the training, such as the PDSA cycle. Engaging frontline staff in QI efforts to get 'quick wins' has been shown to be a key ingredient for instituting a successful QI program [15] and the following two projects were selected as the first step in JH's QI journey.
Inpatient referral delays
At the time that the VSM was conducted, JH contracted ambulance services from an external emergency response company, resulting in 45 min or longer from the time a referral request was made to arrival of the ambulance at a JH facility. In the VSM discussion, midwives emphasized that they often had to deal with client financial constraints in addition to the complex and stressful clinical conditions when making referral decisions. The team decided that having a standard operating procedure for referrals could decrease delays. Subsequently, a JH-owned ambulance was purchased to provide immediate transport for inpatient referrals.
Outpatient wait times
Outpatient wait times were high due to increasing client volumes and anticipated growth in the coming months in clients accessing outpatient services. The VSM highlighted the need for a QI project to handle the expected increase in volume. One simple change that was made was moving the medical records room adjacent to reception, so that receptionists could more quickly access and replace client files upon entry and discharge without walking to the other side of the ward.
Conclusion
The value of undertaking a VSM exercise for JH was 2-fold. First, it is a simple visual tool to engage staff at all levels in the organization. The VSM walkthrough and development process provided novel insights for participating staff members and serves as a catalyst for staff engagement in QI. The facilitated discussion format of the VSM development workshop was a powerful experience that facilitated transparency and sharing across both clinical and support staff, and helped to build consensus around defining the common work of the organization. The second key outcome of the VSM process was in gaining commitment for both short-and long-term support for QI activities in an organization. However, it must be emphasized that this was only the first step. It took several years for the ongoing resources for staffing, training and infrastructure to launch and support a QI program to be established at Jacaranda.
One limitation of the way the VSM process was conducted was that it did not include Jacaranda clients until the informal post-hoc review. This was for logistical reasons; it was difficult to find new mothers who would spend a day walking with a staff team through all aspects of the process. It is also not typical for customers to be included in the VSM process. The 'voice of the customer' [16] is an important component of improvement, but usually they are part of improvement teams or provide data for improvement. However, in settings where the negative attitudes of healthcare providers affect care seeking behaviors and quality of care [17, 18] it is important to ensure that customers and other important stakeholder groups (e.g. ministry staff) are represented and actively take part in VSM activities.
In conclusion, in low-income settings, the VSM process can assist with organizational priority-setting and action plans, by providing a visual tool for identifying actionable quality gaps, building a forum for staff-led problem-solving, and setting commitments towards long-term QI resources and the incorporation of QI principles into an organization's mission of patient-centered and highquality care.
